Objective: The aim of this study was to compare the effect of operative vs. nonoperative treatment for comminuted proximal humeral fractures in elderly patients regarding clinical results, complications, and additional surgeries. Methods: Six electronic databases (Medline, Embase, Clinical, Ovid, Biosos, and Cochrane Central Register of Controlled Trials) were systematically searched to identify randomized controlled trials (RCTs). Eligible RCTs published between 1960-2012 comparing operative vs. nonoperative treatment of comminuted proximal humeral fractures were included. Trial quality was assessed using the modified Jadad scale. Data from included studies were pooled with the use of fixed-effects and random-effects models with mean difference and risk ratios for continuous and dichotomous variables, respectively. Sensitivity analysis was performed to account for bias in patient selection. Results: Six studies matched the selection criteria, reporting on 287 patients. One hundred fourtyfour patients (50.17%) were managed nonoperatively, 20 patients (6.97%) underwent tension band fixation, 55 patients (19.16%) were treated with locked plate, and 68 patients (23.69%) underwent hemiarthroplasty. Mean follow-up ranged from 12-50 months. Results showed no significant difference in post-treatment Constant scores and DASH scores, but conservative treatment showed superior results compared to operative treatment using EQ-5D™. Compared with operative treatment, nonoperative treatment led to significantly fewer complications and additional surgeries. Findings from subgroup analyses remained consistent with these outcomes when compared to nonoperative treatment with tension band fixation, locked plate fixation, and hemiarthroplasty. Conclusion: Compared with operative treatment for closed comminuted proximal humeral fractures in elderly patients, conservative treatment can effectively reduce the risk of additional surgeries and complications. However, there is no statistical difference between operative and nonoperative treatment in terms of clinical outcomes.
Proximal humeral fractures represent approximately 6% of all adult fractures [1] and are the 3 rd most common fracture seen in elderly patients after fractures in the hip and distal radius. [2] Additionally, in terms of fractures in the upper extremities of the elderly, this fracture has the 2 nd highest incidence. [3] High incidence of this fracture has been reported in many countries. Proximal humeral fractures are common and have severe short-and longterm functional consequences for patients. Epidemiological studies indicate that the age-specific incidence of this fracture has increased in recent years, and the number of fractures may nearly double in women aged 80 or older within the next 20 years. [4, 5] Classification of proximal humeral fractures presents challenges. Neer classification is the most frequently used classification for proximal humeral fractures. [6, 7] This classification is based on the 4 anatomical segments of the proximal humerus (i.e., the humeral head, shaft, and greater and lesser tubercles) and whether these segments are fractured and displaced. Three-and 4-part proximal humeral fractures account for approximately 13% of all proximal humeral fractures, [8] and they are considered to be the most difficult to treat.
Non-displaced 2-part fractures are the most common, and there is general consensus that prognosis is good following conservative treatment. The management of comminuted fractures, however, remains controversial. [9] [10] [11] [12] Surgical stabilization of displaced proximal humeral fractures is challenging, especially in elderly patients.
Surgical treatment includes open reduction and internal fixation (ORIF) with Kirschner wires, cerclages, intramedullary devices, and screws; an angular stable plate or minimally open procedure using Kirschner wires and screws, external fixation, sutures and tension band presents an additional option. Hemiarthroplasty and reversed prosthesis as well as nonoperative conservative treatment have also been advocated. [13] [14] [15] [16] However, controversy still exists with regard to the optimal treatment for proximal humeral fracture. A number of clinical studies comparing conservative treatment with various surgical treatments have been undertaken. These studies include randomized controlled trials (RCTs), observational studies, and systematic reviews. [17] These issues were addressed by conducting an up-to-date meta-analysis of RCTs published through December 2012.
The purpose of our meta-analysis was to determine the advantages and disadvantages of operative vs. nonoperative treatment of comminuted proximal humeral fractures in elderly patients by comparing their clinical outcomes, complication rate, and additional surgery rate reported in all available related RCTs.
Materials and methods
RCTs meeting the following criteria were included: 1) comparison of conservative to operative approaches in patients treated for 3-and 4-part proximal humeral fractures; 2) inclusion of at least 1 of the outcome measures such as complication, clinical results, radiological outcomes, and Disabilities of the Arm, Shoulder and Hand (DASH) score; 3) documentation of the specific operative technique and protocol for conservative management; 4) intervention initiated within 14 days postinjury and written informed consent; 5) age of patients greater than 50 years; and 6) when 2 studies were reported by the same institution and/or authors, the 1 of higher quality was included in the analysis, unless the study outcomes were mutually exclusive or measured at different time intervals.
Trials were excluded if patients met the following conditions: 1) failure to fulfill the inclusion criteria; 2) fracture of the contralateral side or other fracture in need of treatment; 3) open fracture; 4) ongoing radiotherapy or chemotherapy; 5) metabolic disease affecting the bone; 6) medication affecting the bone.
Databases searched included MEDLINE, EM-BASE, CLINICAL, Ovid, BIOSOS, and Cochrane Central Register of Controlled Trials, covering from 1960-December 2012. Publication language was limited to English. The key words used for search were listed as follows: proximal humeral fracture, operation, nonoperation, surgery, conservative treatment, randomized controlled trials, and randomization.
Two authors independently screened titles and abstracts of all articles obtained. All relevant articles were then retrieved and read to determine eligibility. If any disagreement regarding eligibility existed, the corresponding author was consulted for final determination.
Two authors participated in the extraction of the relevant data that met the initial inclusion criteria independently. Disagreement was resolved by discussion, and the corresponding author was consulted if necessary.
Methodological assessment was conducted by 2 reviewers independently using the modified Jadad scale, [18] an 8-item scale designed to assess randomization, blinding, withdrawals and dropouts, inclusion and exclusion criteria, adverse effects, and statistical analysis ( Table 1) .
The following summary data was sought from each study for meta-analysis: 1) functional outcomes such as Constant score, DASH score, etc.); 2) postoperative complications such as avascular necrosis (AVN), nonunion, infection, etc.; 3) additional surgery rate; 4) health-related quality of life (HRQoL) (EQ-5D™); and 4) operative procedure outcome (tension band fixation, locked plate, hemiarthroplasty) for subgroup metaanalyses.
A fixed-effects model was used for meta-analysis unless there was significant heterogeneity between studies, in which case the random-effects model of DerSimonian and Laird was used. Trial heterogeneity was estimated using the I2 statistic, complying with Quality of Reporting of Meta-Analyses (QUOROM) guidelines. [19, 20] Subgroup analyses were carried out according to the different operative procedure with nonoperative treatment. Meta-analysis was performed with RevMan5.0.25 software (Cochrane Collaboration, Oxford, UK) for outcome measures; a p value of <0.05 was considered statistically significant.
Sensitivity analysis was used to assess the robustness of results, uncertainty of decisions, and assumptions regarding data and methods used. [21] A secondary sensitivity analysis, which compared the outcomes from only high Jadad score RCTs (≥4 points) with those from all RCTs included, was designed to ensure low Jadad score RCTs (<4 points) did not result in a bias impact on the primary analysis.
Results
The literature retrieving strategy and results is shown in Figure 1 . There were 2.611 potentially relevant papers. By screening the title and reading the abstract and complete article, 6 published studies with a total of 287 patients met all inclusion criteria and proved eligible for this investigation. [22] [23] [24] [25] [26] [27] Table 2 provides a summary of the studies, including author, year of publication, patient age range, sample size, follow-up period, and Jadad scores. Total scores of the RCTs shown in Table 2 indicate that most studies achieved high quality according to the current rating system. Four designs scored over 4. In almost all studies, the main problem reflected was the nonuse of blinding method, which may lead to a certain degree of detection bias.
The 6 eligible studies included a total of 112 patients providing information on complications at the end of follow-up. Results are presented in Figure 2 . The pooled results show reduced risk of complications with nonoperative treatment in comparison with operative treatment, which was statistically significant (95% CI 1.24-9.03, p=0.02). Nonetheless, as with the subgroup analysis, there was no significant difference when comparing nonoperative treatment with hemiarthroplasty Figures 4, 5, and 6 show forest plots of Constant score, DASH score, and EQ-5D™. With respect to Constant score, meta-analysis shows no significant difference comparing nonoperative treatment with hemiarthroplasty (95% CI -5.47-8.60, p=0.66), locking plate (95% CI -4.82-9.78, p=0.51), tension band (p=0.43), and total operative treatment (95% CI -3.68-5.71, p=0.67), respectively. Regarding DASH score, no significant difference was found between operative and nonoperative treatment. Despite this finding, EQ-5D™ showed the nonoperative treatment group to be superior (95% CI 0.05-0.24, p=0.004). There was limited data to perform a subanalysis with DASH and EQ-5D™ scores, as only 2 articles provided DASH and and EQ-5D™ scores.
Sensitivity analysis revealed that when low-quality studies ( Jadad score ≤3) were excluded, the summary OR, 95% CIs, and p values for complications and additional surgery (as these were outcomes most studies included in the meta-analysis) remained similar to the results prior to the exclusion of the substandard studies, as presented in Table 3 . This finding indicates that low score RCTs in the present study had no bias impact on the results of our above meta-analyses.
Discussion
A comminuted displaced proximal humeral fracture in elderly patients has a substantial negative influence on the patients' quality of life, and there is need for further studies in this particular field in order to determine optimal treatment. [24, 28] Resulting from the paucity of highquality studies in the literature, treatment for comminuted proximal humeral fracture in the elderly continues to be disputed. [9] In our meta-analysis, 6 eligible RCTs were included according to explicit inclusion criteria, yielding results with greater validity.
Including data from the most recent RCTs, the results of the present meta-analyses have confirmed that in proximal humeral fracture treatment there is no difference in outcomes between fractures managed surgically or conservatively. This is in accordance with the conclusion proposed by Misra. [29] Additionally, our metaanalyses found that compared with operative treatment, nonoperative treatment can reduce complications and additional surgical rate.
Constant score is the most frequently used functional score as an outcome measure in studies of proximal humeral fractures. [30] In our meta-analysis, 5 of 6 RCTs used Constant score for functional result. We used a fixed-effects model in our meta-analysis. There was no significant heterogeneity between studies (I2<50%), as shown in Figure 4 . There was no statistical significance between nonoperative treatment and operative treatment. This stands in contrast to a systematic review that included 33 studies encompassing 1,096 patients with 3-or 4-part proximal humeral fractures that used CMS as the outcome measure. [31] In that review, mean CMS was 66.5 in the nonoperative group and 55.5 in the arthroplasty group. However, the authors stated this difference could be attributed to selection bias, unreliable classification of the fractures, and interobserver differences in the assessment of CMS. Subgroup analyses showed the same result when comparing nonoperative treatment with hemiarthroplasty, locking plate, and tension band fixation, respectively. Beyond our present meta-analysis, many other current related studies indicate that nonoperative approach can lead to satisfactory outcomes with a high rate of healing in many proximal humeral fracture patients. [32] The DASH [33] questionnaire is a region-specific outcome instrument developed to measure upper extremity disability and symptoms. In our review, the results of DASH scores are consistent with that of Constant scores. However, there are only 2 articles which have used this outcome. This scarcity reflects the problems which can arise when using data from disparate systems for functional scoring, as well as the wide variation in study size and length of follow-up. In light of this current situation, there is a pressing need for high-quality RCTs.
The EQ-5D™ was used to rate HRQoL. [34] In our meta-analyses, EQ-5D™ scores of the nonoperative group was superior to that of the operative group. This finding is inconsistent with the results of Constant scores. One possible explanation for this discrepancy may be that the EQ-5D™ is self-reported and is, therefore, more sensitive to subjectively experienced differences in outcome. [35] Another possible reason is that the 2 articles which adopted EQ-5D™ and DASH scores were reported by the same institute, potentially producing bias. Following this line of reasoning, the EQ-5D™ and DASH scores may not have been taken into account when drawing conclusions.
With regard to complications, the nonoperative treatment group showed superior results. The explanation for this statistical difference is that the operative procedure creates more complications, such as incision infection and screw penetration. However, because increasing age is a risk factor of proximal humeral fracture, and many elderly people have osteopenia, plates and screws provide poor fixation for fractures of the upper humerus. [36] Additionally, nonoperative treatment does not critically impair blood supply to the humeral head, which could induce AVN, a high incidence complication of proximal humeral fractures. Despite this, when performing subgroup analyses, there was no significant difference between nonoperative and operative treatment, possibly resulting from the limited data resources.
The same situation appeared in the analysis of additional surgery rate. A difference did emerge in the subgroup analyses; when compared with locking plate treatment patients, the nonoperative group experienced a lower additional surgery rate, to the point of significant difference. These results could be attributed to the fact that those who were treated for proximal humeral fractures were mostly elderly patients with osteoporosis, and plates and screws provide poor fixation for fractures of the upper humerus with osteopenia.
The lack of adequate RCTs and a consistent functional assessment system are the main weaknesses of current studies on proximal humeral fractures. Further problems with the data were created by the use of disparate systems for fracture classification and functional scoring, and the wide variation in study size and length of follow-up. However, the present study aimed to provide stronger evidence for clinical treatment of proximal humeral fractures by comparing the clinical outcomes reported in all available related RCTs.
In summary, compared with operative treatment for closed comminuted proximal humeral fractures in elderly patients, conservative treatment can effectively reduce the risk of additional surgeries and complications. However, there is no statistical difference between operative and nonoperative treatment in terms of clinical outcome.
Sufficient evidence is not available in the current studies to support the belief that operation may lead to better functional recovery. Limitations of the article remain, and results need to be further verified by more highquality trials. We hope there will be more multicenter, large-scale RCTs with high methodological quality comparing proximal humeral fracture therapeutic strategies, reporting in a consistent and standardized manner to produce more reliable results.
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